We characterized the ®rst POU-homeoprotein in a crustacean (designated APH-1 for Artemia POU-Homeoprotein, EMBL Y15070). The amino acid sequence of the APH-1 POU-domain is identical, except for two residues, to that of the two class III POU proteins Cf1-a (Drosophila) and POU-M1 (Bombyx mori). Southern blot analysis suggests that crustaceans have only one class III POU gene. RT-PCR and whole-mount in situ hybridization show that APH-1 mRNA is present in larvae speci®cally in the salt gland, an organ which is involved in osmoregulation, and disappears in the adult. q
Isolation of the APH-1 cDNA and deduced amino acid sequence
The POU homeobox gene family codes for transcription factors that share a carboxy-terminal bipartite DNA-binding region, named the POU domain (Verrijzer and Van der Vliet, 1993) . Based on the POU domain sequence of known POU genes (see Section 2), two degenerated oligonucleotides were designed to screen the Artemia franciscana genome for the presence of POU genes. Several independent PCR reactions yielded the same 404 bp fragment whose sequence corresponded to a class III POU domain. This fragment was used as a hybridization probe to screen a cDNA library from stage III nauplius. A single clone of 1688 bp was isolated from 1:5 £ 10 6 plaques. The nucleotide sequence of the POU domain was identical to that of the genomic fragment obtained by PCR. We called it APH-1, for Artemia POU Homeo gene. The APH-1 sequence contains an ORF of 388 amino acids (42.7 kDa) ( Fig. 1 ) and belongs to the class III POU Homeo proteins (Bu Èrglin, 1994) .
To date, only two class III POU proteins have been described in arthropods, Cf1-a in Drosophila melanogaster (Johnson and Hirsh, 1990) and POU-M1 in Bombyx mori (Fukuta et al., 1993) . The POU domains of Cf1-a and POU-M1 are identical, while APH-1 presents two substitutions Pro 3 Ser283 and Ser 3 Ala292 located in the POU homeodomain. Residue 292 is variable in class III POU proteins, while Pro283 is conserved in all class III POU proteins except DJPOU2 (from Dugesia japonica, Orii et al., 1993) . However, the POU domain proteins Pit-1 (Jacobson et al., 1997) and Oct-1/Oct-2 (Klemm et al., 1994) do not contain a proline at this position. Moreover, their precise location, between helix 1 and 2 for Pro283 and within helix 2 for Ala292, suggests that neither residue is required for DNA contact, as DNA binding was shown to involve helix 3 of the POU-homeodomain (Wolberger et al., 1991) .
Outside of the POU domain, little similarity of APH-1 with other proteins is observed. As in other invertebrate class III POU proteins, the amino-terminal region of APH-1 contains several clusters of contiguous or interspaced proline, glycine and serine residues, contrasting with the longer homopolymeric amino acid stretches found in mammalian factors (Sumiyama et al., 1996) . Such Pro, Gly, Ser-rich domains are present in many transcription factors, where they are thought to be involved in protein-protein interactions leading to activation of transcription. 
Class III POU genes
The number of genes coding for class III POU proteins in Artemia was estimated by Southern blotting under low stringency conditions, using a probe corresponding to the APH-1 POU domain. As shown in Fig. 2 , only one band of 0.54 or 1.4 kb was detected using DNA digested with EcoRI and BclI or EcoRI and SpeI, respectively. As expected, several bands were revealed when human DNA was hybridized with the APH-1 probe in a similar experiment (not shown). These bands presumably include the four human class III POU genes identi®ed to date, namely Brain-1 (Sumiyama et al., 1996) , Brain-2 (Schreiber et al., 1993 ), Brain-4 (de Kok et al., 1995 and Oct-6 (Faus et al., 1994) . Since our probe picked up several bands with human DNA and only one with Artemia DNA, APH-1 is probably the only class III POU gene in this crustacean.
The various genome projects show that invertebrates have four to six-fold less genes than mammals (Miklos and Rubin, 1996) . In fact, mammalian genomes are thought to be the product of several duplications. Our results in Artemia corroborate this observation since we detected only one class III POU gene, although we cannot rule out that this merely re¯ects the fact that POU studies were focused on vertebrates until now.
Developmental and spatial expression pattern of APH-1 mRNA
The expression pro®le of APH-1 mRNA during Artemia franciscana development was evaluated by amplifying the APH-1 POU domain using semi-quantitative RT-PCR (Fig.  3) . Mitochondrial (mt) 16 S rRNA (Palmero et al., 1988) was used to calibrate the RT-PCR assays at each larval stage. Low levels of APH-1 mRNA were detected before hatching, after 5 h of cyst incubation (embryos). The amount of APH-1 mRNA increased after several hours of incubation and remained nearly constant during the larval stages nauplius I to IV. APH-1 mRNA levels decreased dramatically after 4 days (not shown) and were undetectable at adulthood, suggesting a role for APH-1 in the nauplius stages of Artemia development.
Based on the results obtained by RT-PCR, the APH-1 spatial expression pattern was examined at two developmental stages by whole-mount in situ hybridization. A probe corresponding to the APH-1 POU domain was hybridized to larvae at the pre-naupliar stage (Fig. 4A ) and at the nauplius II stage (Fig. 4C) . A strong signal was observed on the dorsal side of the cephalothorax region. This region corresponds to the salt gland, known to be involved in ionic regulation during pre-naupliar and naupliar stages (Conte, 1984) . The signals observed at the end of the abdominal region in the pre-naupliar larvae (Fig. 4B ) and around the base of the salt gland in nauplii II larvae (Fig. 4D) were nonspeci®c since they were also found with the corresponding sense probe. In addition, no signal was observed in adults (not shown) consistent with the lack of APH-1 transcription at this stage.
The salt gland is present in the emerging embryos prior to hatching and becomes very prominent at naupliar stages. Likewise, APH-1 gene expression is already detected in embryos before hatching, remains at high levels during the whole larval period and is spatially limited to the salt gland. These observations suggest a role for APH-1 in salt gland development.
Other considerations support a developmental role of APH-1 in the salt gland. First, the APH-1 homolog in Bombyx mori, POU-M1, is continously expressed at high levels throughout silk gland development, where it may control transcription of the silk protein genes (Fukuta et al., 1993; Suzuki, 1994 , Takiya et al., 1997 . Second, POU proteins appear in early embryogenesis, which implies a role in early developmental regulation of gene transcription (Verrijzer and Van der Vliet, 1993) . Pit-1, a vertebrate POU protein, is involved in the ontogenesis of the anterior pituitary and plays a key role in the osmoregulation of euryhaline teleost ®sh (Ayson et al., 1994) . Third, studies in Caenorhabditis elegans suggest a role of the class III POU protein CEH-6 in the osmoregulation of this nematode (Bu Èrglin and Ruvkun, personal communication).
Materials and methods

Animals
Artemia franciscana were purchased from the San Francisco Bay Brand, INC (Cat No. 36892). Cysts were hydrated and cultured in reconstituted seawater at 208C (Anderson et al., 1967) . Stages nauplius I, II and III are reached after 20, 30 and 70 h, respectively. Hatched larvae that have not reached stage I are referred to as pre-nauplii. Animals at different stages were collected and frozen in view of extracting DNA and RNA or were ®xed in paraformaldehyde for whole-mount in situ hybridization assays.
DNA and RNA extraction
DNA was extracted by proteinase K lysis (Gross-Bellard et al., 1973) . Total RNA was isolated by the guanidinium thiocyanate extraction method (Chomczynski and Sacchi, 1987) .
Polymerase chain reaction (PCR)
The POU domain degenerate oligonucleotide primers were 5
H (at the 5 H end of the POU-speci®c domain) and 5
H (at the 3 H end of the POU homeodomain). Putative POU genes were ampli®ed from Artemia franciscana DNA (100 ng) in 50 ml incubations containing 50 mM Tris±HCl (pH 8.3), 2.5 mM MgCl 2 , 800 mM dNTPs, 0.2 mM primers and 0.5 U Taq polymerase (Perkin-Elmer/Cetus). The PCR (35 cycles; 958C, 1 min; 438C, 1 min; 728C, 1 min) was preceded by 5 min of denaturation at 958C and was followed by 5 min of extension at 728C.
Semi-quantitative reverse transcription (RT)-PCR
RT-PCR was performed using primers located outside the POU-domain at the APH-1 amino-terminus: 5
H -AGTG-CAGTCAGTTCTGAACCG-3
H and 5
H , corresponding to the peptide sequences SAVSSEP and RDSLNGTP, respectively. To de®ne the conditions of linear increase for all the samples, preliminary reactions with 1 mg of total RNA were carried out testing the amount of ampli®ed fragment after every third cycle of ampli®cation. The results were reproducible in three independent experiments. To correct for the quantity and quality of the individual RNA preparations, the amount of mitochondrial 16S ribosomal RNA (mt 16S rRNA) (Palmero et al., 1988) was determined using a similar approach. A fragment of mt 16S rRNA was ampli®ed using a 1000-fold dilution (1 ng) of the total RNA preparations. The oligonucleotides were 5 H -AACAGACGCCTCTCTAGGCT-3 H and 5 H -CTTAAATGTACTTGGAGGGCG-3 H . RNA solutions resulting in equal amounts of mt 16S rRNA fragment (in two independent experiments) were then used for ampli®ca-tion of APH-1. For both APH-1 mRNA and mt 16S rRNA, each cycle comprised 1 min at 958C, 1 min at 588C and 2 min at 728C. Denaturation for 5 min at 958C preceded cycling. The ampli®ed fragments were analyzed by 1% agarose gel electrophoresis and the amounts were estimated after ethidium bromide staining.
Library screening
A cDNA library from stage III nauplius constructed in lambda-gt11 was kindly provided by Dr Leandro Sastre (Madrid, Spain). Screening was performed under high stringency conditions on nylon membranes (Hybond-N, Amersham) with the 404-bp, 32 P-labeled POU domain probe obtained by PCR (see above). One positive cDNA clone was puri®ed and sequenced using a Pharmacia LKB ALF DNA sequencer.
Southern blot analysis
Artemia franciscana DNA (10 mg) was digested overnight with EcoRI/BclI or EcoRI/SpeI, separated by electrophoresis on a 0.8% agarose gel and transferred onto a Hybond-N nylon membrane. The membrane was hybridized overnight under low stringency conditions (558C) with the 404-bp APH-1 POU domain probe labeled by multiple priming using a -32 P-dCTP (T7 Quick-kit, Amersham). The hybridization buffer contained salmon sperm DNA (0.1 mg/ml), SDS (1%), dextran sulfate (10%), 1£ Denhardt's and 4£ SSPE. The membrane was washed for 10 min in each of the following solutions: 5£ SSPE at room temperature; 2£ SSPE at 558C and 2£ SSPE, 0.1% SDS at 558C.
Whole-mount in situ hybridization
Artemia franciscana pre-nauplii, nauplii or adults were collected, washed twice in 0.1 M phosphate-buffered (pH 7.4) saline (PBS) and ®xed overnight at 48C in 4% paraformaldehyde in PBS. The specimens were washed three times in PBS and taken through increasing concentrations of ethanol until a concentration of 95% was reached. Singlestranded sense and antisense riboprobes (404-bp APH-1 POU domain) were prepared by standard procedures (Melton et al., 1984 ) from a subcloned fragment. The probes were labeled with digoxigenin using the RNA labeling kit according to the manufacturer's instructions (Boehringer Mannheim). Whole-mount in situ hybridizations were performed as described by Wilkinson (1992) except that specimens were sonicated before proteinase K treatment according to Manzanares et al. (1993) . Pictures were taken using a Zeiss binocular SV-6 connected by a JVC video camera to a PC Delta I computer.
